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NESTING AND FEEDING TREE SELECTION IN THE
ENDANGERED WHITE-BACKED WOODPECKER,
DENDROCOPOS LEUCOTOS LILFORDI
MARIO MELLETTI1 AND VINCENZO PENTERIANI2,3
ABSTRACT.—The White-backed Woodpecker (Dendrocopos leucotos) is one of the rarest European wood-
peckers and its populations have declined markedly during the last century in many European countries. The
objective of our study was to investigate the selection of nesting and feeding trees by the subspecies D. l. lilfordi,
a field not previously investigated. We conducted this study in a mountain area of central Italy characterized by
wide and homogeneous tracts of beech- (Fagus sylvatica) forested slopes. The rate at which we detected the
species was highly correlated with the mean trunk dbh of the stand; the more mature the stand, the greater the
number of woodpecker detections. The White-backed Woodpecker was dependent upon trees that were mature,
dead, or in an advanced degree of decay for both nesting and foraging. The habitat specialization of the species
suggests that forest stand management should promote longer harvesting rotations, preserve dead and decaying
trees, create new foraging sites, and prevent excessive fragmentation of forested landscapes. Received 14 Feb-
ruary 2003, accepted 9 June 2003.
Habitat requirements regarding nesting and
feeding sites are important components of
habitat selection by birds and are fundamental
aspects in the conservation of endangered spe-
cies, particularly those species that specialize
on habitats affected by severe human induced
alterations, such as woodlands (Hilde´n 1965,
Cody 1985). Modern forestry has influenced
bird populations in many ways since the early
1900s, and woodpecker species are particular-
ly vulnerable because of their dependence
upon dead and decaying wood for foraging
sites (Aule´n 1991).
Woodpecker nest sites may be quantitative-
ly described by the properties of the nesting
tree, the nest hole, and the trees used as feed-
ing sites (Ha˚gvar et al. 1990). The White-
backed Woodpecker (Dendrocopos leucotos)
is one of the rarest European woodpeckers
(Wesolowski 1995) and its vulnerability to ex-
tinction appears to be acute (Spiridonov and
Virkkala 1997, Krams 1998). Populations of
this species have declined in many countries,
especially in Finland (Virkkala et al. 1993,
Martikainen et al. 1998), Germany (Scherzin-
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ger 1990), Norway (Ha˚land and Ugelvik
1990), Poland (Wesolowski and Tomialojc´
1986), Russia (Nazarova 1977), Spain (Fer-
na´ndez et al. 1994), and Sweden (Aule´n 1986,
1988) where it is considered an endangered
species living in isolated populations (Ahle´n
et al. 1978). This species, together with the
Lesser Spotted (D. minor) and the Middle
Spotted (D. medius) woodpeckers, was clas-
sified by Angelstam and Mikusinski (1994) as
the northern European woodpecker species
most sensitive to change in forest structure
and composition. This is due to the fact that
the White-backed Woodpecker (1) is an insec-
tivorous forest specialist (Mikusinski and An-
gelstam 1998a), foraging mainly on wood-
boring and bark-living insects in the dead-
wood of deciduous trees (Ahle´n et al. 1978,
Martikainen et al. 1998), and (2) nests in ma-
ture, dying, or dead trees (Aule´n 1988, 1991;
Ha˚gvar et al. 1990; Krams 1998). Both of
these elements have been affected by the de-
creasing amount of mature stands of decidu-
ous forests upon which the species depends,
due to intensive forestry management (Aule´n
1988, Ha˚land and Ugelvik 1990, Virkkala et
al. 1993, Ferna´ndez and Azkona 1996, Mar-
tikainen et al. 1998, Mikusinski and Angel-
stam 1998b, Carlson 2000).
In Italy, the subspecies lilfordi is considered
‘‘vulnerable’’ by Pinchera et al. (1997) and
‘‘endangered’’ by Calvario et al. (1999), but
its status and distribution is unknown within
its very limited range (southern Europe, Tur-
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key, Caucasus, and Transcaucasia; Cramp and
Simmons 1985). In its Italian range this spe-
cies is very restricted, probably as a conse-
quence of a glacial relict and its association
with several specific structures of beech (Fa-
gus sylvatica) forests, which are limited in
availability (Pinchera 1997). This factor, to-
gether with the territory size of the species,
results in low densities and sensitivity to en-
vironmental changes (Pinchera and Pellegrini
1999). The conservation of this subspecies is
therefore closely related to future forest policy
of Apennines beech woods, which determines
the age structure of forests. Consequently,
studies of nest and feeding site selection,
which may influence the distribution and den-
sity of this subspecies, are urgently required.
The information available for this subspe-
cies is scarce and limited to its distribution
and breeding biology; e. g., there is no infor-
mation about the present population size (Cas-
tiglia et al. 1976; Bernoni 1994; Costantini
and Melletti 1992, 1994; Costantini et al.
1993, 1995). The objectives of our study were
to investigate nesting and feeding tree selec-
tion by this woodpecker, and to gain infor-
mation useful for the conservation of the spe-
cies and the management of forested habitats
upon which it depends for breeding and for-
aging.
STUDY AREA AND METHODS
We conducted this study from 1997 to 1999
in a mountain area of the central Apennines
between the regions of Latium and Abruzzi
(Simbruini-Ernici massif; 428 069 N, 138 049
E; altitude range: 900–1,800 m). Wide and
homogeneous tracts of beech-forested slopes
dominated the study area with grazing and fal-
low farmland in the valleys. Above 1,900 m,
high altitude pastures replace forests. Depend-
ing upon soil conditions and microclimate,
beech may be associated locally with Syca-
more (Acer pseudoplatanus), Italian maple (A.
opalus), common yew (Taxus baccata), and
limited patches of silver fir (Abies alba). The
typical forest regeneration system in this area
was the shelterwood system, which is char-
acterized by harvest of the mature stand in
successive cuttings (Peterken 1996). Forestry
operations generally are carried out from mid-
September to mid-April, but occasionally may
take place during late spring and summer.
Harvest units are about 10 ha in size and har-
vests generally are based on a 20- to 25-year
rotation interval (Sulli and Bernoni 1993).
Dead and decaying trees, which have less pro-
duction value, generally are left unharvested.
Locating woodpeckers.—We determined
the presence of the White-backed Woodpecker
by eliciting responses to playback of taped
call notes (Cramp and Simmons 1985) during
February and March, the two months preced-
ing egg laying, when the birds are most likely
to respond (Aule´n 1988, Costantini and Mel-
letti 1992). This is a common and efficient
method to detect the presence of woodpeckers
due to the rapid response of the species to
conspecific calls (Mu¨ller 1982; Dentesani
1990; Costantini and Melletti 1992, 1994;
Ferna´ndez and Azkona 1996). To detect
woodpeckers and to obtain information on the
distribution of the species with regard to forest
structure, we established transects in all of the
various ages within the stands (from about 20
years, the minimum age of coppices in our
study area, to old growth stands of .100
years). We used aerial photographs, from
which it was possible to estimate the age of
forest patches on the basis of the canopy di-
mensions and their proximity (Penteriani and
Faivre 1997), to establish transects such that
they covered the various tree age classes in
approximately equal proportion.
Three times during the same breeding sea-
son (1997) we sampled an overall length of
30.7 km of transects of a large contiguous for-
ested area. We stopped and played the taped
calls every 300–500 m for a total duration of
4.5 min at each stop. We performed each play-
back session from sunrise to noon. To avoid
overestimating the presence of this highly mo-
bile species (Aule´n 1988), we counted two in-
dividuals only when two successive responses
were obtained .1 km apart (Cramp and Sim-
mons 1985). Following the vocal contact with
an individual, we searched for occupied nest
trees and recent feeding trees in the stand
where we obtained the response. A feeding
tree was considered to belong to the White-
backed Woodpecker only after direct obser-
vations of individuals foraging there (Costan-
tini et al. 1995).
To test for a possible relationship between
White-backed Woodpecker presence and the
age of the stands, we calculated the mean
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FIG. 1. Frequency of contacts with the White-
backed Woodpecker (Dendrocopos leucotos lilfordi)
increased with maturity of forest stands in beech (Fa-
gus sylvatica) woodlands of Central Italy. The degree
of stand maturity is expressed by five dbh classes: 1
5 ,20 cm, 2 5 21–30 cm, 3 5 31–40 cm, 4 5 41–
50 cm, 5 5 .50 cm.
trunk diameter at breast height (dbh) of trees
in the stand in which we elicited a response
(it always matched the nesting stand). We es-
timated mean stand dbh from the first five
trees that we found between the playback
point from which we obtained the bird re-
sponse and the approximate direction of the
woodpecker call. The only restriction to tree
sampling was that the distance between suc-
cessive sample trees was $100 m to avoid
collecting data that could be spatially auto-
correlated.
Nesting and feeding tree selection.—To in-
vestigate nest tree selection, we compared
nesting trees (n 5 40) to an equal number of
control trees. We chose control trees random-
ly, but in the same stand as each nest tree (see
Penteriani et al. 2001 for details), and of a dbh
equal to the mean dbh of nesting trees. Thus,
our control sample represented the trees avail-
able for the species. We characterized nest and
control trees with seven variables: altitude (m
above msl), dbh, height of the tree, height of
the trunk, height of the nest hole, nest hole
position (three categories: on the portion of
the trunk below the canopy, in the canopy, on
a branch), and degree of decay (three cate-
gories: dead tree with softened wood, live tree
with evidence of decay in several places, live
tree without evidence of decay or only a few
dead branches).
Similarly, to investigate feeding tree selec-
tion, we compared feeding trees (n 5 61) to
an equal number of control trees chosen as
described above. We characterized feeding
and control trees with seven variables: per-
centage of trunk covered by bark, bark con-
dition (two categories: intact and partially
sloughed off the trunk), dbh, tree height, trunk
height, and degree of decay (as for the nesting
tree).
Statistical analyses.—To avoid pseudorep-
lication, we used only one nesting tree and
one feeding tree per breeding pair for all anal-
yses. We used a linear regression to evaluate
the relationship between dbh and presence of
the White-backed Woodpecker (i.e., the fre-
quency of detection). We divided the mean
stand dbh into five classes: ,20 cm, 21–30
cm, 31–40 cm, 41–50 cm, and .50 cm. We
used a discriminant function analysis (DFA)
to detect possible differences in nesting and
feeding tree structure between those used by
the species and the control trees. We used x2
analysis to test the significance of the site
classification established by the DFA proce-
dure (Sokal and Rohlf 1995), and Mann-Whit-
ney U-test to compare features of nesting and
feeding trees used by the woodpeckers with
those of the control trees. We used the x2 test
to analyze the frequencies of use of several
categories considered for nesting and feeding
trees. When data were not normally distrib-
uted, they were loge, square-root, or arcsine
square-root transformed prior to parametric
tests (Sokal and Rohlf 1995). If the data still
did not approach normality, nonparametric
tests were employed. All tests were two-tailed
and we set statistical significance at P , 0.05.
All tests were computed using SPSS 10.0
(Norusis 1992).
RESULTS
Frequency of detections.—The frequency of
detections of White-backed Woodpeckers was
highly correlated (r2 5 0.94) with the mean
stand dbh (t1,3 5 6.75, P 5 0.007). The more
mature the stands were, the greater was the
number of woodpecker detections (Fig. 1).
Nesting tree selection.—White-backed
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TABLE 1. Nesting trees (n 5 40) of the White-Backed Woodpecker differed from control trees (n 5 40) in
beech stands of Central Italy, 1997–1999.
Nesting trees
x¯ SD Minimum Maximum
Control trees
x¯ SD
Mann Whitney U-test
Z P
Altitude (m above msl)
Trunk dbh (cm)
Height of tree (m)
Height of trunk (m)
1,250
51
25
18
165
18
6
5
900
23
5
4
1,645
129
28
22
1,406
21
21
16
100
20
12
5
4.50
5.71
3.45
0.64
0.0001
0.0001
0.0010
0.5200
TABLE 2. Feeding trees (n 5 61) of the White-Backed Woodpecker differed from control trees (n 5 61)
in beech stands of Central Italy, 1997–1999.
Feeding trees
x¯ SD Minimum Maximum
Control trees
x¯ SD
Mann Whitney U-test
Z P
Trunk dbh (cm)
Height of tree (m)
Height of trunk (m)
41
12
8
19
6
4
16
1
1
130
25
18
20
19
7
10
3
3
5.54
5.96
2.20
0.0001
0.0001
0.0280
Woodpeckers bred across a broad altitudinal
range, in cavities generally located in the mid-
dle of the trunk of old trees (mean 5 10.5 m
6 2.8 SD, range 2.3–12.0 m, n 5 40), char-
acterized by large dbh values (Table 1). They
used mainly live trees without evidence of de-
cay (40.0%), followed by dead trees (32.5%),
and live trees with evidence of decay in sev-
eral places (27.5%). The observed use of the
above types of trees was significantly different
from that expected (x2 5 12.2, df 5 2, P 5
0.007). Seventy-five percent (i.e., 30 of 40) of
the nest holes were in the portion of the trunk
below the canopy, whereas the remaining 25%
were within the canopy (x2 5 10.0, df 5 1, P
5 0.002). The most frequent orientation of the
slope used for nesting was toward the north-
west (n 5 12), followed by southwest and
west (n 5 8 each), southeast (n 5 7), northeast
and north (n 5 2 each), and south (n 5 1; x2
5 25.6, df 5 7, P 5 0.001). The discriminant
function analysis significantly (P 5 0.0001)
distinguished between nesting and control
trees. Trees used for nesting generally were
greater in height and dbh than control trees,
and woodpeckers nested on trees located at
lower altitudes (Table 1). The discriminant
equation was D 5 3.579 2 0.004(altitude) 1
3.706(dbh) 2 0.028(tree height). The model
correctly classified 35 (87.5%) of the nesting
trees and 39 (97.5%) of the control trees for
an overall error rate of 7.5%.
Feeding tree selection.—White-backed
Woodpeckers foraged primarily in mature
trees characterized by variable bark conditions
(mean 5 62.9% 6 35.7 SD, range 0–100%, n
5 61) and large dbh as feeding sites (Table
2). The birds mainly used live (43%) and dead
(41%) trees, followed by trees with dead
branches (16%). The observed use of the
above types of trees was significantly different
from that expected (x2 5 7.9, df 5 2, P 5
0.020). Of trees used for foraging, 80% were
trees with the bark partially removed from the
trunk, and the remaining 20% were trees
showing no sign of weakness (x2 5 22.4, df
5 1, P 5 0.0001). The discriminant function
analysis significantly (P 5 0.0001) distin-
guished between feeding and control trees.
Trees used for feeding, although shorter than
control trees, generally were greater in trunk
height and dbh (Table 2). The discriminant
equation was D 5 21.221 2 0.213(tree
height) 1 4.420(dbh) 1 0.209(trunk height).
The model correctly classified 59 (96.7%) of
the feeding trees and 58 (95.1%) of the control
trees for an overall error rate of 4.1%.
DISCUSSION
Frequency of contacts.—The correlation of
mean stand dbh (as an index of stand matu-
rity) and frequency of contacts of the White-
backed Woodpecker suggest a dependence
upon mature stands. A similar relationship be-
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tween woodpecker occurrence and stand age
(characterized by dbh) was reported by Ber-
noni (1994), and by Pinchera (1997) who nev-
er detected the species in coppices (i.e., early
successional forest stands of small-diameter
stems, formed from the sprouting of new
young trees from existing stumps and root
stock of harvested trees). Other researchers
examining woodpecker presence and forest
structure consistently found similar associa-
tions with the oldest stages of stand growth,
characterized by large numbers of old trees
and large dbh values (Ferna´ndez and Azkona
1996, Mikusinski and Angelstam 1998a,
1998b). Costantini and Melletti (1992) dem-
onstrated that the distribution of White-backed
Woodpeckers in the study area was strictly re-
lated to the heterogeneity of the stand struc-
ture (i.e., stands with trees highly diversified
in age and decay conditions).
Nesting tree selection.—Although this spe-
cies occupied a large altitudinal range, as re-
ported by Ferna´ndez et al. (1994) in Spain and
Grange´ (1993) in France, the woodpeckers in
our study used the highest elevation belt of
the Apennines beech forest for breeding. This
pattern, also observed by Pinchera (1997),
could not be random for the beech forest of
the Italian Apennines. In fact, the highest belts
of these forests (about 1,300–1,600 m above
msl) correspond to areas with the most of ma-
ture trees and oldest stands, due to the con-
centration of past timber harvests in the more
accessible lower belts of forest, and a less fa-
vorable climate for beech above about 1,600
m (Penteriani and Faivre 1997). A similar in-
fluence of the combination of human and cli-
matic factors on the altitudinal distribution of
this woodpecker also was suggested by Fer-
na´ndez and Azkona (1996).
Our analyses confirmed the selection of ma-
ture trees with large dbh values for excavating
nest holes, as reported by Ha˚gvar et al. (1990).
Use of younger stands has been reported only
by Krams (1998), who found #23% of the
nesting trees were in mature stands. The au-
thor attributed this pattern to the relatively
young age of the forest stands in his study
area, which is considered a cause of the de-
cline of the species in the Latvia population.
The apparent dependence of this species upon
large trees also could reflect that large trees
are more likely than small trees to contain
dead wood.
The White-backed Woodpecker usually
uses dead trees for excavating its nest hole
(Aule´n 1988, Ha˚gvar et al. 1990, Krams
1998), although in our study area we detected
a relatively frequent use of fully vital trees,
which also was observed by Ha˚gvar et al.
(1990) and Pinchera (1997). Although the fre-
quent use of vital trees might be related to
their availability, this finding supports the hy-
pothesis that, depending on the specific hard-
ness of each tree species, some trees may be
used even if not dead or in an advanced de-
gree of decay (Aule´n 1988). However, we can-
not discard the possibility that apparently
healthy trees may be partially weakened by
fungi; early stages of fungi parasitism usually
are difficult to detect because of the absence
of external trunk damage, even if internal
wood is already softened by decay (T. Weso-
lowski pers. comm.).
The mean nest hole height was the same as
reported by Pinchera (1997) and Ha˚gvar et al.
(1990), and similar to the most frequent height
reported by Kram (1998), although a greater
mean height (17.8 m) was reported by We-
solowski and Tomialojc´ (1986) in Poland, at-
tributed to the height of the trees available in
Bialowieza. White-backed Woodpeckers ap-
pear to select western and especially north-
western slopes, which correspond to the best
exposure for beech growth (Penteriani and
Faivre 1997).
Feeding tree selection.—Similar to nesting
trees, the feeding trees selected had large dbh
values, although their mean height was less
than control trees. This result was influenced
by the fact that several trees used as feeding
sites were stumps, broken by wind or snow,
or destroyed by insects and fungi. Our data
lend further support to the hypothesis that
White-backed Woodpeckers, which specialize
on the larvae of xylophage insects, are depen-
dent upon dead and highly decayed trees that
attract this specific food resource (Matsuoka
1979, Aule´n 1991, Mikusinski and Angelstam
1998b); such trees also characterize the nest-
ing stands of this woodpecker (Aule´n 1988,
Ferna´ndez et al. 1994, Pavlı´k 1999). The im-
portance of dead trees also was emphasized
by Carlson (1998), who demonstrated a posi-
tive relationship between the density of dead
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trees and feather growth in the White-backed
Woodpecker, the latter being considered an in-
dex of the bird’s nutritional condition. Nev-
ertheless, as also suggested by Carlson (1998),
the relatively large number of living trees we
found as feeding sites is not surprising, con-
sidering the insect-rich dead and decaying
branches they can carry, which make them at-
tractive to White-backed Woodpeckers (Aule´n
1988).
Conservation and management implica-
tions.—The White-backed Woodpecker de-
clined markedly during the last century in
many European countries, particularly due to
habitat loss associated with timber harvesting.
Moreover, the endangered subspecies lilfordi
represents a very localized endemic of the
southern European montane forests (Voous
1947). The data we present corroborates the
nesting and feeding site specialization of this
species, and leads us to make the following
recommendations. (1) Timber harvesting ro-
tations, currently 20–25 years in our study
area and other European countries, should be
lengthened. (2) Older dead and decaying trees
within each stand should be preserved; as
these trees are of little harvest value, such
preservation represents virtually no economic
loss. (3) The possibility of creating new for-
aging sites by killing deciduous trees, conse-
quently increasing insect abundance, should
be evaluated. Finally, (4) fragmentation of the
forest should be prevented to avoid reducing
the original woodpecker population to isolated
subpopulations confined to small patches of
suitable habitat. Such fragmentation, along
with habitat degradation, probably has in-
creased the White-backed Woodpecker’s sus-
ceptibility to extinction (Aule´n 1988, Tiainen
1990, Carlson and Aule´n 1992, Krams 1998).
Until recent years, the Apennines forests of
Central Italy provided favorable and unfrag-
mented habitat for the species, undoubtedly
one of the most important in Europe. This re-
gion supported extensive beech forests that
represent optimal habitat for a species requir-
ing 50–100 ha of deciduous forest for a pair
to survive (Aule´n 1988, Scherzinger 1990,
Virkkala et al. 1993). These stands were rel-
atively intact because of the difficulty in har-
vesting stands at high altitudes with a limited
number of logging trails. Although there is no
information about the effective population
size, density, and population trends, the sur-
vival of the White-backed Woodpecker in
Central Italy is uncertain because timber har-
vesting currently is removing the essential
habitat. Despite the need for urgent measures
of forest management to preserve the subspe-
cies lilfordi in Italy, timber harvesting remains
uncontrolled in several protected areas, and in
some cases extensive logging of old-growth
stands occurs with the tacit consent of the lo-
cal authorities.
Finally, the White-backed Woodpecker can
be considered an umbrella species (sensu Fer-
na´ndez et al. 1994, Martikainen et al. 1998).
Such status not only facilitates efforts to pre-
serve this woodpecker, but also other species
less conspicuous or less well known to the
public. For example, many threatened beetle
species inhabit the same habitat as the White-
backed Woodpecker (Martikainen et al. 1998).
Also, the extension of timber rotation age be-
yond the present 20–25 yrs could prevent ge-
netic drift and inbreeding depression in tree
populations that influence tree vitality and for-
est health (Scoppola 1999).
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